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Abstract: Nitrogen (N) and Phosphorus (P) deficiency is a major yield limiting factor across the globe
and their proper management plays a vital role in optimizing crop yield. This field experiment was
conducted to assess the impact of soil and plant nitrogen N and P ratio on the growth and yield
of wheat (Triticum aestivum L.) in alkaline calcareous soil. The study consisted of various levels of
nitrogen (0, 40, 80, and 160 kg ha−1 as urea) and phosphorus (0, 30, 60, and 90 kg P2O5 ha−1 as
diammonium phosphate), and was carried out in randomized complete block design (RCBD) with
factorial arrangement having three replications. The result showed that the addition of 160 kg N ha−1

significantly improved biological yield (10,052 kg ha−1), grain weight (3120 kg ha−1), chlorophyll
content at tillering stage soil plant analysis development (SPAD) value (35.38), N uptake in straw
(33.42 kg ha−1), and K uptake in straw (192 kg ha−1) compared to other N levels. In case of P,
90 kg P2O5 ha−1 had resulted maximum biological yield (9852 kg ha−1), grain yield (3663 kg ha−1),
chlorophyll content at tillering stage (SPAD value 34.36), P (6.68 mg kg−1) and K (171 kg ha−1) uptake
in straw. The sole use of N and P have positively influenced the biological and grain yield but their
interaction didn’t response to biological yield. The present study reveals that SPAD value (chlorophyll
meter) is the better choice for determining plant N and P concentrations to estimate the yield potential.

Keywords: chlorophyll content; NPK uptake; soil N; Triticum aestivum L.; P concentration
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1. Introduction

Among cereal crops, wheat is the most edible crop that Pakistan produces, with an
average of 24–26 million tons of wheat a year from an 8.97 million hectare area [1], whereas
Khyber Pukhtunkhwa produces 1.15 million tons of wheat from an 0.8 million hectare
land area [1,2]. Therefore, instead of increasing production area, we have to increase
wheat production per unit area [3]. For sustainable production, the fertilization of nitrogen
and phosphorus must be applied in a specific ratio. In short, for future generations,
balanced N:P should be considered as an investment towards soil fertility and an eco-
friendly approach. The use of indispensable nutrients in a balanced amount is essential
for improving production in Pakistan as continuous cropping of wide crop varieties has
caused the removal of essential elements from the soil resulting in poor soil fertility [4].

Nitrogen and phosphorus are essential elements that play a vital role in the plant’s
metabolic activities. Macronutrient nitrogen occupies an important place in the plant
metabolism system where it is an essential component of a protein associated with all
vital processes in plants [5]. For the enhancement of grain yield, N:P ratio, and water
use efficiency, nitrogen fertilizers are the most common fertilizers [6,7]. Both N and P
are the most deficient nutrients in the soil. Therefore, their simultaneous application is
necessary for maximum crop production [8–10]. Nitrogen enhances the quality of grain as
well as the production of crops [11–13]. As an integral part of chlorophyll, it increases the
photosynthetic process. It plays an important role in the various physiological process of
the plant as it gives a dark green color to leaves, and promotes the growth and development
of the stem, leaves, and other vegetative parts. It also stimulates plant root growth [14–16].
Nitrogen deficiency causes the appearance of the red and purple spots on the leaves and
reduces vegetative growth, root growth, fruit quality, and yield of crops [17,18]. Phosphorus
also plays a vital role in storing energy and takes part in various chemical reactions that
are taking place inside the cells and for the good performance of crops [19,20]. Phosphorus
act as a labile pool in soil that goes through adsorption and desorption, both the processes
limiting the P in soil for plant uptake. Adsorption reduces P’s phytoavailability and
desorption can cause the loss of P from soil [21,22]. Some portion of the adsorbed P are
available for plant uptake [23]. Plants take Phosphorus through root hair, root tip, and by
external surfaces of roots. Mycorrhizal (fungi and plant root association) also help in the
absorption of phosphorus. It is available for plant up taking in different inorganic form
H2PO4

1−, HPO4
2−, and H3PO3 in solution, taken by diffusion plants [24,25].

Pakistani soils are located in arid and semiarid areas, but their calcareous nature
inhibits P mobility that could be enhanced by altering soil conditions [26]. As most
deficient and most required nutrients (N and P), their simultaneous application is crucial
for optimum crop production [10]. For instance, P fertilization counterbalances the high
level of nitrogen by speeding up plant growth, enhancing grain quality by decreasing
the extra growth of the vegetative parts [27]. As Pakistan is underdeveloped, Pakistani
farmers had poor awareness regarding the use of fertilizers that ultimately resulted in
over or under dosing of N fertilization which accentuates P deficiency and, in turn, poor
yield. Considering the importance of N-P, the present research was conducted to assess
the suitable ratio of N-P for sustainable wheat production, in prevailing soil and climatic
conditions. This study investigates the mutual influence of N-P on their respective use
efficiency, plant uptake, and protein content development in wheat. It also looks at the
effect of varying soil and plant N-P ratio on soil fertility, organic matter, and NPK uptake
by wheat.

2. Materials and Methods

Nitrogen from urea at 0, 90, 120, and 150 and P from Di-ammonium phosphate (DAP)
as 0, 30, 60, and 90 kg P2O5 ha−1 were applied to induce varying N:P ratio in soil on sowing
time. The experiment was designed on two factorial randomized complete block design
(RCBD) on 4 × 3 m2 plots at Agricultural Research Farm, the University of Agriculture,
Peshawar, Pakistan during winter 2018–2019. The required quantity of nitrogen in formula
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of Urea were added in two split doses, half dose was applied on time of sowing while
the remaining dose was added on the time of first irrigation. However, P in the form of
DAP was applied at the time of sowing. Wheat seeds (cv Pir-Sabak 2013) at the rate of
120 kg ha−1, were sown with hand row drill, with 30 cm inter-row spacing. Pre-sowing
tests for different soil properties like EC, pH, organic matter, along with total and mineral
N in soil and ammonium bicarbonate-diethylene triamine pentaacetic acid (AB-DTPA)
extractable P and K in soils were done (Table 1). After crop harvesting, soil and crop
samples were studied for nitrogen, phosphorus, and potassium. Along with some chemical
properties, total and mineral N and AB-DTPA ext P and K also were analyzed in the
postharvest soil sample.

Table 1. Treatment combination of nitrogen and phosphorus ratios applied in experiment.

N kg ha−1 P kg ha−1

0

0

30

60

90

40

0

30

60

90

80

0

30

60

90

160

0

30

60

90

2.1. 1000 Grain Weight

A Thousand-grain weight was determined by taking 1000 grains from all plots,
weighted by an electronic balance.

2.2. Grains Spike−1

Ten plants were randomly selected from each plot and counted per spike of grain, and
their means were calculated.

2.3. Grain Yield

After harvesting the wheat crop from selected central rows (from all plots), grain yield
was calculated by weighing the grain after threshing. Using the formula, the recorded data
was changed into grain yield kg ha−1 (Equation (1)) [28].

Grain Yield
(

kg ha−1
)
=

Grain yield of four central rows
No of rows × row lenght × R − R distance

× 10, 000 m2 (1)
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2.4. Biological Yield

Harvested plants from four selected central rows were sun-dried and weighed as
a whole. After proper drying, the recorded data was put into the following formula to
calculate yield per hectare (Equation (2)) [28].

Biological yield
(

kg ha−1
)
=

biological yield in central four rows
R − R distance (m)× Row lenght(m)× No of rows

× 10, 000 m2 (2)

2.5. Total Nitrogen

The total nitrogen in plant and soil samples was determined by using the Kjeldal
procedure. A 0.2 g soil sample had 3 mL concentrated H2SO4 added in the presence of
1.10 g digestion mixture (K2SO4, Cu SO4, and Selenium) ratio 200:100:1. The mixture was
heated until it became colorless. The mixture was transferred into a 100 mL volumetric
flask and made up the volume to mark. Ten to 20 mL of digested sample was distilled
into five-milliliter Boric Acid mix indicator. The volatilization of NH3 was facilitated
by addition of NaOH (40%) 5 mL into soil or plant sample, which was collected in the
form of NH4

+ in acidified Boric Acid mixed indicator solution. Distillation was stopped
after reaching the distillate up to 60 or 75 mL. The distillate was titrated against 0.005 N
HCL until a light pinkish color appeared [29]. Total Nitrogen was calculated by using the
following formula. (Equation (3)) [29].

Total Nitrogen (%) =
(Sample − Blank)× 0.014 × 0.005 × 100 × 100

wt of soil × 20 nt
(3)

2.6. AB-DTPA Extractable P

AB-DTPA solution was prepared by adding 1 N ammonium carbonate along with
0.005 M of DTPA in 2 L of distilled water with pH adjusted by addition of NH4OH or HCL.
A 10 g soil sample was used in 125 mL Erlenmeyer flask and 20 mL volume of AB-DTPA
solution was made. The samples were shaken at the rate of 180 cycle min−1 for 30 min
and filtered through whatman filter paper no 42 after shaking. P takes 1 mL of the sample
treated with 5 mL ascorbic acid in 25 mL round bottle flask [30]. The volume was adjusted
by adding distilled water up to the mark. The sample was kept in the dark for 15 min to
appear the color. The concentration of P was determined using a UV spectrophotometer by
setting the wave length to 880 nm.

2.7. Chlorophyll Content

Randomly selected plants per plot were analyzed for chlorophyll content by using
SPAD device [31].

2.8. Total P and K in Plant

Total P in plant was analyzed by mixing 1 g ground sample with concentrated HNO3.
The sample was kept for 24 h and 4 or 5 mL perchloric acid was added the following
day. Then the mixture was heated on a hot plate until the white and transparent liquid
appeared [32]. After cooling the samples were added to distilled water to make a total
of 50 mL volume [29]. Phosphorous concentration was determined in solution by using
spectrophotometer, K by Flame photometer, and N by Kjeldal Method. P concentration
was changed into plant uptake by the following formula (Equation (4)) [29].

Plant P uptake
(

kg ha−1
)
=
[
P conc.

(
mg kg−1

)]
× [yield

(
kg ha−1

)
× kg

106 mg
(4)

2.9. Statistical Analysis

All the recorded parameters were subjected for the analysis of variance according to
two factorial (N and P) randomized complete block designs with three replications for
evaluating the significant effect of the treatment [33]. Statistics computer software was
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used for these analyses. Least significant difference (LSD) test was used for the difference
among the treatments.

3. Results and Discussion

Soil analysis was done before the sowing of the wheat crop (Table 2). Soil analysis
showed that the soil texture was silt loam with low organic matter, 0.73%, while alkaline
calcareous in nature and strongly calcareous with lime content of 15.1%. Furthermore, the
soil under study was low in nitrogen and phosphorus and such soils are considered to be
responsive to fertilizer of these nutrients.

Table 2. Physicochemical properties of experimental soil before sowing of wheat and treatment
application.

Properties Unit Value

Silt % 65.10

Sand % 28.90

Clay % 5.50

Texture class - Silt loam

EC (1:5) soil water suspension dSm−1 0.18

pH (1:5) soil water suspension - 7.86

OM content % 0.73

Lime % 15.10

Nitrogen % 0.05

AB DTPA extractable P mg kg−1 3.21

3.1. 1000 Grain Weight

When averaging the values across P levels it was revealed that the highest grain
weight of 37.36 was recorded in treatments receiving 40 kg N ha−1, which was more
than the weight of grain observed at 80 and 160 kg N ha−1. Similarly, when values were
averaged across the P levels, the mean higher grain weight was observed at 60 and 90 kg
P2O5 ha−1 thus exhibiting prominent P role in enhancing the grain quality and size as
compared to N application. The application of N at the rate of 40 kg and P2O5 at 60 kg ha−1

resulted in the highest grain weight, i.e., 40.18 g which was 14.34% higher than control,
8.2% than P alone and 28.82% than N alone at higher levels as mentioned in (Table 3) and
by graph in (Figure 1a). These results revealed that a higher dose of N could reduce the
grain size, whereas P played an important role in grain quality and should be applied to
enhance the grain size and resultantly the grain yield. Siddique et al. [34] concluded that
1000 grain weight and yield of grain were found significantly improved by increasing NPK
levels. Rusek et al. [35] and Fazlullah et al. [36] declared that the maximum grain yield of
wheat with the application of mineral fertilizers such as N and P enhanced the weight of
wheat grain.

Table 3. Number of grain spike−1 and 1000 grain weight (g) of wheat as influenced by N and P
application.

Treatments No of Grain Spike−1 1000 Grain w.t (g)

N kg ha−1

0 46.3 a 37.16 a

40 47.3 a 37.36 a

80 46.8 a 36.85 a

160 49.9 a 33.12 b
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Table 3. Cont.

Treatments No of Grain Spike−1 1000 Grain w.t (g)

P kg ha−1

0 48.3 a 34.93 b

30 47.3 a 35.03 b

60 48.2 a 38.16 a

90 46.5 a 36.37 ab

N*P NS NS

The means followed by different letters in each column are significantly different from each other at α = 0.05. BC
stands for biochar, while NS represents a non-significant difference.

Figure 1. (a) 1000 grain weight, (b) Grain spike−1 of wheat after threshing as influenced by various
N and P levels and N-P ratios.
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3.2. Number of Grain Spike−1

Data analysis of grain per spike was statistically found non-significant at p < 0.05;
however, it showed variation with various levels of N and P, as shown in (Figure 1b).
The non-significant variations could be attributed to variation in data among replications.
The grains per spike varied from 43.6 to 54.3 g among the treatments. When values were
averaged across the P levels, the maximum value of grain per spike (49.9 g) was found
when N was applied at 160 kg ha−1, followed by 80 and 40 levels of N, which was 7.0%
more than control. The increase in grain spike−1 may be due to maximum availability of N
nutrient in the soil. Similarly, when averaging across N’s values, the highest value of grain
per spike (48.2 g) was obtained in plots having 90 kg P2O5 ha−1 as shown in (Table 3). The
maximum grain weight was obtained in treatments receiving 160 kg N and 90 kg P2O5
ha−1, which was 12.9% higher than control and 24.2% higher than treatment. The result of
our findings is similar to Zaid et al. [37], who experimented with investigating the effect of
various nitrogen levels on wheat growth and yield.

3.3. Grain Yield

Nitrogen and phosphorus application significantly improved the grain yield of wheat.
Mean grain yield significantly influenced N levels up to 80 kg N ha−1 which was 15.9%
higher than control when values were averaged across P levels. The increase in grain yield
beyond 80 kg N ha−1 was statistically similar. Likewise, averaging the yield across the N
levels saw a significant increase with P level up to maximum levels, i.e., 90 kg P2O5 ha−1.
Regarding the application of 90 kg P2O5 ha−1, the yield produced, i.e., 3499 kg ha−1, was
higher than treatments receiving no phosphorus, i.e., 1232 kg ha−1 (Table 4). As far as N
and P effect on grain yield is concerned, (Figure 2a) showed the variation in grain yield
from 1661 kg ha−1 in control to 3768 kg ha−1 in treatments that received 160 kg nitrogen
and 90 kg P2O5 ha−1. At control P2O5, N application enhanced the yield from 1661 kg ha−1

to 2800 kg ha−1 when N was applied at 160 kg N ha−1. Still, when applied at 30 and 60,
such increases were up to 3046 and 3379 kg per hectare after 80 kg N ha−1, respectively,
and higher N levels proved ineffective. At 90 kg P2O5 ha−1, each increment of N increased
the yield, and maximum yield was recorded at 160 kg N ha−1, i.e., 3768 kg ha−1 followed
by 3505 kg ha−1. These results revealed that both N and P should be applied for maximum
crop production and the proper level of P is even more important than N levels in our
soils. The highest grain yield of 3768 kg ha−1 and 3505 kg ha−1 observed at 160 and 80 kg
N with 90 kg P2O5 ha−1 can be considered the optimum levels for N and P with an N:P
ratio of 4:1 and 2:1 in the present soils. The increase in yield with N could be attributed to
N’s essential constituent chlorophyll content. Protein, amino acids, and enzymes played
a significant role in photosynthate production, grain formation, and the grain yield of
the crop. Several researchers (Haileselassie et al. [38], Sandana and Pinochet [39]), also
stated highest biomass and grain yield with N application in different soil and climatic
condition. These researchers reported a higher yield at 120 kg N ha−1 and considered the
recommend level for N in wheat crops in our soils. However, in our study, a significantly
higher value was observed at 80 kg N ha−1, which showed the huge gap between this level
and maximum level of 160 kg N ha−1 used in our study. This supports the idea that it is
important not to evaluate N’s suitable level but rather to see the N:P ratio’s effect on the
yield and chlorophyll content. The level of 90 kg P2O5 ha−1 (equivalent to 40 kg P ha−1) at
which the maximum grain yield was received in our study is a general recommended level
for wheat production in the studied area.
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Figure 2. (a) Grain and (b) Biological yield of wheat crop at maturity stage as influenced by various
N and P levels and N-P ratio.

Table 4. Grain yield and Biological yield of wheat as influenced by N and P applied.

Treatments Biological Yield kg ha−1 Grain Yield kg ha−1

N kg ha−1 Level

0 7075 c 2677 b

40 8157 b 2798 b

80 8799 b 3102 a

160 10,052 a 3120 a
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Table 4. Cont.

Treatments Biological Yield kg ha−1 Grain Yield kg ha−1

P kg ha−1 Level

0 7001 c 2267 c

30 8884 b 2825 b

60 8345 b 2942 b

90 9852 a 3663 a

N*P NS *

The means followed by different letters in each column are significantly different from each other at α = 0.05. BC
stands for biochar, while NS represents a non-significant difference.

3.4. Biological Yield

Regarding increased N levels, up to 160 kg ha−1 increased the biological yield. This
was followed by 80 and 40 kg N ha−1. Mean values of biological yield were 10,052 kg ha−1

in treatments receiving 160 kg nitrogen ha−1, which was 42% higher than 0 N, and values
were averaged across the P levels. Similarly, when the yield was averaged across the N
levels, it showed significant increases with the P level up to maximum levels, i.e., 90 kg P2O5
ha−1. Application of 90 kg P2O5 ha−1 produced a mean biological yield of 9852 kg ha−1

which was 40.72% higher than control treatment (Table 4). Both N and P showed a
significant role with similar intensity in increasing the crops’ biological yields. Regarding
the N and P ratios, no N resulted in P increasing the yield from 5369 to 8653 kg ha−1

with the highest 160 kg N ha−1, showing 61.1% increase over 0 kg N ha−1 and 0 kg P2O5
ha−1. However, with the increasing of P levels, i.e., 60 and 90 kg P ha−1, the increase
was recorded to be 45.0% and 38.25% over 0 kg N ha−1 at given P levels and 94.74% and
113.24%, respectively of P2O5 ha−1 as clearly mentioned in (Figure 2b). The maximum
biological yield of 11,449 kg ha−1 was recorded in treatment receiving 160 kg N and 90 kg
P2O5 ha−1 with N:P ratio of 4:1. This was closely followed by 160 kg N and 60 kg P2O5 with
the value of 10,456 kg ha−1 that received an N:P ratio of 6.2:1. The increase in N’s biological
yield could be credited because N is an essential constituent of chlorophyll, protein, amino
acids, and enzymes, and plays a significant role in cell formation and structure. On the
other hand, P is an essential macronutrient that improves root growth and the up taking
of nutrients from soil, which may also be the main reason for increasing biological yield.
Our results are aligned with reports of Solangi et al. [40] and Firoz [41], who reported that
increasing N and P levels improve biological yield.

3.5. Soil Nitrogen

The results regarding soil nitrogen were significantly (p < 0.01) affected by different
levels of P (Table 5). The total soil N significantly increased with P levels up to 60 kg P2O5
ha−1 and decreased at 90 kg P2O5 ha−1, 25% more than control. By application of different
levels of N, the total N in soil was non-significantly affected. Similarly, the result is reported
by Chang et al. [42], who determined the effect of NP fertilization on crop yield in a field
pea-spring wheat-potato rotation system with calcareous soil in semiarid environments.
The interaction was also found to be non-significant.

3.6. Soil Phosphorus

Statistically, the analysis revealed that soil P was significantly affected by N’s different
levels (Table 5). The soil P was significantly increased with N levels. The maximum
amount 2.37 kg ha−1 of soil P was recorded in the treatment having zero N-levels, while
the minimum value 1.70 kg ha−1 was observed at 160 kg N ha−1 which was 39.41% more
than control. the extractable soil P was not significantly affected with the application of
phosphorus at different rates. The interactive effect of N and P was found statistically
significant. The maximum amount 3.30 kg ha−1 of soil P was observed at the application
of 160 kg N ha−1 and 60 kg P2O5 per hectare. The percent increase was 202% over the
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treatment receiving 80 kg ha−1 and 60 kg ha−1 N and P. Bednarek et al. [43] and Mathew
et al. [44] also reported the effect of phosphorus levels on soil properties and plant tissues
of two Nerica varieties.

Table 5. N and P in soil after harvesting as influenced by N and P applied.

Treatments Soil N (%) Soil P (kg ha−1)

N kg ha−1

0 0.09 a 2.37 ab

40 0.09 a 1.68 b

80 0.09 a 1.50 b

160 0.09 a 1.70 a

P kg ha−1

0 0.08 b 2.07 a

30 0.10 a 1.76 a

60 0.10 a 1.50 a

90 0.09 a 1.92 a

N*P NS *

The means followed by different letters in each column are significantly different from each other at α = 0.05. BC
stands for biochar, while NS represents a non-significant difference.

3.7. Chlorophyll Content (SPAD)

The result regarding chlorophyll contents in leaves at the tillering stage was signif-
icantly (p < 0.01) affected by different N and P levels (Table 6). Averaging values across
P levels, a significant increase in the chlorophyll content was observed with N levels up
to 160 kg N ha−1, i.e., 35.38% higher than control was observed. Similarly, when the
chlorophyll content was averaged across the N levels, it showed significant increases with
P levels, i.e., 90 kg P2O5 ha−1, revealing that both N and P gave significant green color to
leaves, which proves the synthesis of chlorophyll. According to (Figure 3), the addition of
90 kg P2O5 ha−1 produced SPAD 34.36, which was 32.63 higher than treatments receiving
no phosphorus. The increase in chlorophyll content with N, could enhanced the protein,
amino acid and enzymes, which play a significant role in photosynthetic production, grain
formation, etc. While the interactive effect of nitrogen and phosphorus were found statis-
tically non-significant, the application of N behaved differently at different P levels. The
highest SPAD value of 36.4 was recorded at 90 kg P2O5 and 160 kg N ha−1 with an N:P
ratio of 4:1. These results are affiliated with Joao et al. [45] and Biljana et al. [46], who stated
the correlation between nitrogen and chlorophyll content in wheat.

Table 6. Chlorophyll content in wheat leaves at tillering as influenced by N and P applied.

Treatments Chlorophyll

N kg ha−1

0 31.92 c

40 32.73 bc

80 33.78 b

160 35.38 a
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Table 6. Cont.

Treatments Chlorophyll

P kg ha−1

0 32.63 b

30 33.48 ab

60 35.35 ab

90 34.36 a

N*P NS

The means followed by different letters in each column are significantly different from each other at α = 0.05. BC
stands for biochar, while NS represents a non-significant difference.

Figure 3. Chlorophyll content in wheat leaves at the tillering stage as influenced by various N and P
levels and N-P ratios.

3.8. N Uptake (Straw)

Statistical analysis revealed that nitrogen uptake was significantly (p < 0.01) affected
by different levels of N application (Table 7). The mean maximum value of 33.42 kg ha−1

was recorded when N was applied at 160 kg ha−1, while the minimum value 16.37 kg ha−1

was found in 0 kg N ha−1 after averaging values across the P levels. A boost in N uptake
was found after the application of N at the rate of 160 kg ha−1, i.e., 104% higher over
0 kg N ha−1, followed by 80 kg and 40 kg N ha−1 with values of 44% and 22% over
0 kg N ha−1. Application of P also resulted in increases of N uptake by wheat crop, and as
such, the values were standardized across the N levels; the application of 90 kg P2O5 ha−1

induced increases of 13.74% over 0 kg P2O ha−1 followed by 30 kg P2O5 ha−1 with values
of 23.92%. The maximum N uptake as 38.86% was recorded by applying 160 kg N ha−1

and 0 levels of P2O5v, which was 216% higher than control (0 kg N and 0 kg P2O5 ha−1).
These results are similar to Belete et al. [46], who reported higher straw total N uptake
from nitrogenous fertilizer. Research results are also supported by Belete et al. [47] and
Thavaprakash et al. [48], who stated that N uptake is improved by the application of
nitrogenous and phosphorous fertilizers.
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Table 7. Nitrogen, P, and K uptake in wheat straw as influenced by N and P applied.

Treatments N Uptake (Straw) P Uptake (Straw) K Uptake (Straw)

%

N kg ha−1

0 16.37 c 4.91 a 110 c

40 19.93 bc 5.33 a 138 b

80 23.64 b 5.79 a 152 b

160 33.42 a 6.04 a 192 a

P kg ha−1

0 21.61 ab 4.06 c 124 c

30 26.78 a 5.36 bc 158 ab

60 20.21 b 5.96 ab 140 bc

90 24.58 ab 6.68 a 171 a

N*P NS NS NS

The means followed by different letters in each column are significantly different from each other at α = 0.05. BC
stands for biochar, while NS represents a non-significant difference.

3.9. P Uptake (Straw)

Statistical analysis revealed that phosphorus uptake is non-significantly (p < 0.01)
affected by various levels of N application (Table 7). However, the mean maximum value
of 6.03 mg kg−1 was observed at 160 kg N ha−1 application, while the minimum value
4.9 mg kg−1 was found in the treatment of zero N levels when values were averaged
across P levels. Application of P significantly increased P uptake in wheat straw. After
standardizing the values across the N application, the maximum P uptake 6.67 mg kg−1

was recorded at 90 kg ha−1 P2O5 application—64.7% higher than the treatment having no
levels of N and P. The interactive effect of N and P was found to be non-significant. These
results are supported by Meena et al. [49] who concluded the uptake of nutrients such as
P by wheat was significantly enhanced with the application of mineral fertilizers at the
right time.

3.10. K Uptake (Straw)

The result of K uptake was influenced at different N and P levels, as shown in
(Table 7). K uptake in wheat straw was significantly (p < 0.05) increased with N levels,
and a maximum mean value of 192 kg ha−1 was recorded at 160 kg N ha−1 application
after averaging the values across P levels, while the lowest value, i.e., 110.83 kg ha−1, was
recorded at 0 kg N ha−1 after averaging values across P levels. The increase in K uptake
with the application of 160 kg ha−1 was 73.23% over 0 kg N ha−1 followed by 80 kg and
40 kg N ha−1 with values of 26.73% and 39.13% over 0 kg N ha−1 after standardizing
values across the N levels, the application of N statistical analysis showed that different
levels of nitrogen and phosphorous effect K uptake. Potassium uptake was significantly
(p < 0.05) influenced when different N and P levels showed that straw K influenced with
increasing N and P. Application of P also significantly increased K uptake in wheat straw
when values were averaged across N levels. The highest value of K uptake, 171.25 kg ha−1

was found at 90 kg P2O5 ha−1, while minimum of 123.58 kg ha−1 was observed in the
treatment receiving zero level of P2O5. This was 38.57% higher than control, followed by
60 kg and 30 kg P2O5 ha−1. Similar results were recorded by several researchers [50–56] in
which it was stated that plant K uptake is increased with increasing N and P levels.

3.11. Correlation of Wheat Yield with N:P Ratio and SPAD Values

Figure 4a shows the correlation of grain yield and Figure 4b shows biomass with
different N and P ratios at the tillering stage. These graphs show that grain yield and
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biomass were non-significantly (p < 0.05) influenced by different N and P ratios in leaf at
tillering or maturity. There are irregular changes that occur in grain yield and biomass
with increasing nitrogen and phosphorous ratio. Similarly, biomass was non-significantly
(p < 0.05) correlated with percent nitrogen at tillering stage. The graph did not show
any proper increase in biomass with percent nitrogen. The reason may be dilution or
concentration effect. These observations suggest that the ratio and the ratio with the total
amount of nutrients are important to predicting crop yield potential.

Figure 4. Correlation of wheat yield, (a) biomass (b) with N-P ratio and SPAD values.

3.12. Correlation of Grain Yield with Chlorophyll (SPAD) Value

The above results indicated that grain yield is highly affected by chlorophyll content
(Figure 5a). Grain yield is significantly (p < 0.05) increased by the improvement of chloro-
phyll content. The highest value of (3663 kg ha−1) grain yield was observed on chlorophyll
value 37, and the lowest value of (2267 kg ha−1) grain yield was observed at 27. The percent
increase was 37% for 37 values of chlorophyll, followed by 35, 31, and 29 over the 27 value
of chlorophyll. The increase of grain yield may be due to more photosynthesis through
which higher grain yield is obtained. Results regarding the biomass; it was significantly
(p < 0.05) influenced by increasing chlorophyll value (Figure 5b). The maximum value of
(10,052 kg ha−1) of biomass was recorded on the 38 value of chlorophyll while a signif-
icantly minimum value (7001 kg ha−1) was observed on 29 value of chlorophyll. The %
increase was found to be 44% for 38 value of chlorophyll over 29 value of chlorophyll. N
uptake in wheat straw was significantly (p < 0.05) enhanced by chlorophyll (Figure 5c).
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The maximum (26.4 kg ha−1) N uptake increased by 62 over 39 value of chlorophyll while
the minimum N uptake 16.26 kg ha−1 was found at 29 value of chlorophyll. The straw
N is significantly (p < 0.05) influenced by chlorophyll content (Figure 5d). The maximum
percentage 0.49% of straw N was observed on 38 value of chlorophyll, while the minimum
0.35% straw N was recorded on 25 value of chlorophyll. The percent increase was recorded
40% for 38 values of chlorophyll over 25 value of chlorophyll. As N is an integral com-
ponent of chlorophyll, N percentage is directly increased in wheat straw by improving
chlorophyll content.

Figure 5. Correlation of (a) grain yield, (b) Biomass, (c) N uptake in starw and (d) concentration of N in straw with
Chlorophyll (SPAD) value.

4. Conclusions

Plant growth, biomass, and wheat grain yield significantly improved with N and P
application, however, the increase in P application was more than by N in the present
study. Chlorophyll, N, and P concentrations in plant leaf and straw significantly increased
with N and P application in the given calcareous alkaline soil with the climatic conditions.
Similarly, the total N, P, and K uptake by the plant also improved with the application of
nitrogen and phosphorus fertilizers. The N:P widened (increased) with N and narrowed
with P in both plant leaf at tillering and postharvest stages, however, it did not show
significant correlation with chlorophyll, plant growth, and yield in this study. On the other
hand, SPAD values (chlorophyll value) significantly correlated with leaf N, plant growth,
grain, and biological yield revealing its significance in the present study.
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